Introduction: Tinnitus is defined as the perception of sound that results completely from activity within the nervous system without any corresponding mechanical, vibratory activity within the cochlea, and not related to external stimulation of any kind. It disrupts the daily life of 1 out of every 200 adults. The source of tinnitus generation is not limited to the peripheral auditory system. However, there are abnormalities seen in BERA in tinnitus patients depicting auditory pathway involvement. Oto-acoustic emissions are mechanical vibrations generated in the cochlea, which are evaluated by TEOAE and DPOAE whereas BERA evaluates both cochlea and brainstem auditory pathway for any conduction abnormalities. The aim of the study is to analyze the changes in OAE and BERA in patients suffering from tinnitus with normal hearing, which may help us to understand the patho-physiology of tinnitus.
INTRODUCTION
Tinnitus is defined as the perception of sound that results completely from activity within the nervous system without any corresponding mechanical, vibratory activity within the cochlea, and not related to external stimulation of any kind 1 . Tinnitus disrupts the daily life of 1 out of every 200 adults. 85-96% of patients with tinnitus present with some levels of hearing loss whereas only 8-10% have normal hearing 2 . The source of tinnitus generation is not limited to the peripheral auditory system. However, there are abnormalities seen in BERA in tinnitus patients depicting auditory pathway involvement 3 . Otoacoustic emissions are mechanical vibrations generated in the cochlea, that are transmitted by the endolymphatic fluid in the cochlea and by the middle ear to the outer ear canal where they can be recorded as generally weak sounds with a microphone 4 . Auditory Brainstem Response (ABR) can be used in evaluating tinnitus patients for a number of reasons, including its subjectivity in evaluating the cochlea and the brainstem auditory pathways 5 . It examines the synchronous discharge of fibers in the auditory pathway and identifies the presence of abnormal neuronal activity. ABR may assist in the differentiation of central vs. peripheral tinnitus 6 . Tinnitus is a common and persistent symptom. The pathogenesis and site of origin have yet to be clearly established. Tinnitus is often a feature of primary ear disease usually associated with hearing loss, but it may also occur in patients with normal hearing. Our study focused on the latter group. The lack of scientific evidence to prove that tinnitus arises from cochlear damage in normal-hearing patients has encouraged us to investigate whether patients with tinnitus show changes in the auditory pathways. The aim of the study is to analyze the changes in OAE and BERA in patients of tinnitus with normal hearing, which may help us to understand the patho-physiology of tinnitus ( Figure 1 ).
MATERIALS AND METHODS
The study was conducted in the Department of ENT and Head and Neck Surgery at SRMS Institute of Medical Sciences, Bareilly in patients presenting to ENT OPD with tinnitus from 1st December 2015 to 31st July 2017, after the approval by the Research/Ethics Committee. Individual Ear was considered as the study unit, as some patients had unilateral symptom. All the ears of the patients suffering from tinnitus with normal hearing were included in the study group, whereas Individuals with normal hearing with no other ear complaints were included in control group. Thus a total of 160 Ears were included in the study, both Study Group and Control Group contained 80 Ears each. All the patients with history of Tinnitus underwent a complete ENT evaluation including tuning fork test and Pure Tone Audiometry (PTA) (Figure 1 ). Patients with normal otoscopic findings and pure tone average below 25 dB formed the study group. Individuals with no complaints regarding ENT, with normal otoscopic findings and pure tone average below 25 dB were included in control group. Patients with hearing Impairment, pure tone average > 25 dB, Age ≥ 55 years, any external or middle ear disease like wax, otomycosis, ear discharge, perforation in tympanic membrane, Otitis Media with effusion, any history of intake of ototoxic drugs or Anti-tubercular drugs, associated psychiatric illness, noise exposure, acoustic trauma or any chronic medical illness like diabetes mellitus, hypertension or neuropathy were excluded from the study. Patients of both study and control group underwent OAE and BERA.
Both OAE and BERA were performed in a sound treated room of the Neuro-otology lab in supine position by a qualified audiologist, using Neurosoft (Russia) system with Neuro-Audio version 2010. The system was calibrated on daily basis using the calibration mode in the software. The After OAE, BERA was performed in the same sitting. The active electrode was placed over the vertex of the head and the reference electrode was placed over first test performed was distortion product Oto-acoustic emissions. The probe seal and any extrinsic noise levels were checked by the software and were confirmed. The frequencies tested were from 2-6 kHz. The graph was plotted simultaneously along with the acquisition of data. During the measurement, two pure tone stimuli (f1 and f2), where f2 is higher than f1 were presented with f1/f2 ratio at approximately 1.22 (range 1.21 to 1.23) to obtain a robust DPOAE response. The f2 frequencies were tested in a 2 point per octave manner, from 2 kHz to 6 kHz. Two stimuli were presented at an asymmetrical intensity level of L1=65 dB SPL and the second intensity, L2=55 dB SPL (such that L1>L2) (Figure 3 ). In the second stage of mastoid prominences of both sides. One more ground electrode was placed over the forehead. Electrodes were attached using skin prep gel (Nu Prep, USA) in order to maintain impedance below 3000 ohms. Stimulus rate was kept between 10-30 stimuli per second with repetitive click stimulus of 80 dB. Each ear was tested separately while the opposite ear was masked. The impulses were recorded, which contained a series of peaks and troughs. The positive peaks were referred by the Roman numerals I-VII based on their location of origin. These peaks occur in most readable form in response to click stimuli over a period of 1-10 milliseconds after the stimulus in normal hearing adults. The evaluated parameters included absolute latencies of wave I, III and V and Inter-peak latency between I-III, III-V, I-V.
STATISTICAL METHODS
Statistical testing was conducted with the statistical package for the social science system version SPSS version 17.0. Continuous variables were presented as mean ± SD, and categorical variables were presented as absolute numbers and percentage. The comparison of normally distributed continuous variables between the groups was performed using Student's t-test. Nominal categorical data between the groups were compared using Chi-square test or Fisher's exact test as appropriate. P<0.05 was considered statistically significant.
RESULTS
This work included two groups of patients: Control Group which included 80 normal hearing Ears (46 Males and 34 Females) with no audio logical complaints and Study Group included 80 Ears (46 Males and 34 Females) complaining of tinnitus. The mean ages of subjects in control and study group were 30.64 ± 10.39 years and 33.41 ± 11.27 years respectively. Tinnitus was bilateral in 28 subjects (53.84%) and unilateral in 24 subjects (46.16%). The mean tinnitus duration was 6.47 ± 8.37 months. Both control and study group showed significant difference in TEOAE and DPOAE study. In TEOAE, 8 (10%) ears in control group and 30 ears (37.5%) in study group showed test result as REFER whereas in DPOAE 10 (12.5%) ears in control group and 35 (43.8%) ears showed test result as REFER. All these result were statistically significant with p value<0.001 (Table 1) . Absolute wave latencies and Inter Peak latencies of BERA between the two groups were compared. There was significant difference in absolute latency of WAVE I with p value 0.031 while difference between all other parameters in the two groups were insignificant as shown in Table  2 . Results of BERA were also compared between ears which were REFER or PASS in OAE in control group and it was observed that the wave I was significantly prolonged in REFER group with p value 0.025 and IPL I-V significantly decreased (p value 0.004) ( was no significant difference seen in between PASS and REFER group in BERA outcomes in study group (Table  4 ). All BERA waves in patients with DPOAE as REFER were prolonged in both control and study group, though the results were not statistically significant, except for decreased IPL III-V in study group (Table 5) . No significant difference was seen in BERA parameters in control group patients with DPOAE result as either PASS or REFER (Table 5 ). In Table 6 , IPL-III-V was significantly reduced in patients with DPOAE result as REFER in study group. Table 7 shows, Patients with DPOAE as PASS shows a significant reduction in IPL-I -III in study group as compared to control group (p value 0.377). There is no significant difference in BERA parameters between study or control group in patients with DPOAE and TEOAE result as REFER (Tables 8 and 10 ). Wave I was significantly prolonged along with reduction in IPL-I-III in study group in patients with TEOAE as PASS ( Table 9) .
DISCUSSION
Tinnitus is a common and persistent symptom. The pathogenesis and site of origin have yet to be clearly established. Tinnitus is often a feature of primary ear disease usually associated with hearing loss, but it may also occur in patients with normal hearing. This study focused on the latter group. The lack of scientific evidence to prove that tinnitus arises from cochlear damage in normal-hearing patients has encouraged us to investigate whether patients with tinnitus show changes in the auditory pathways. In a study by Laskar et al. 8 concluded that all age groups can be affected by tinnitus with middle age group and above had a higher incidence. Most common age group affected was 41-50 years followed by 31-40 years 7 . In our study the mean age of individuals in study group was 33.41 ± 11.27 years. The reason for lower mean age is that we excluded the individuals above age of 55 years, in order to eliminate component of prebycusis. Slight male predominance was found in our study with 57.75% males and 42.25% females. Yenigun reported that males were more likely to get affected by tinnitus whereas there was female prediliction seen in other studies by the authors (7) (8) (9) (10) (11) . Tinnitus can affect unilaterally or bilaterally with slight left ear predominance among patients with unilateral tinnitus. Laskar found bilateral complaint in 50%, isolated left ear involvement in 27.2% and right ear involvement in 22.2% patients 7 . Tsai in his work on audiometric asymmetry and tinnitus laterality also encountered left ear preponderance with 38.70% patient's tinnitus laterality to left ear and 28.22% patients with laterality to right ear [8] [9] [10] [11] [12] . Comparable observations regarding the laterality were seen in our study with bilateral presentation in 52.84% patients, and unilateral isolated complain in left and right ear in 26.92% and 19.93% respectively. Recent studies have found that instead of outer hair cells, the synapses between inner hair cells and auditory nerve fibers, especially low spontaneous rate nerve fibers, are most vulnerable to the effects of noise, aging, and ototoxic medication. The damage of synapses causes sound-coding deficits in temporal and intensity processing leading to perceptual hearing difficulties, but cannot be detected by current standard hearing diagnostic procedures (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . In our study we have not accounted the possibility of hidden hearing loss caused due to noise exposure. This prospect is discussed in recent work by Liberman theories of cochlear synaptopathy. In a review on animal models on noise induced and age-related hearing loss by Liberman and Kujawa, they proposed that well before overt hearing loss there is permanent interruption of synaptic communication between sensory inner hair cells and subsets of cochlear nerve fibers. The silencing of affected neurons alters auditory information processing leading to abnormalities like speech-in-noise difficulties, tinnitus and hyperacusis 26 .
The traditional view of degeneration in sensorineural hearing loss with primary target as hair cells and secondary target as cochlear nerve has been challenged by recent works on mouse and guinea pig. Kujawa and Liberman concluded that in noise-induced hearing loss, exposures cause only reversible threshold shifts (and no hair cell loss) nevertheless cause permanent loss of >50% of cochlear-nerve/hair-cell synapses 27 . Hidden hearing loss could not be identified by conventional pure tone audiometry or speech audiometry. Tone in-noise thresholds may provide frequency specific information in auditory neuropathy patients with normal pure tone threshold. Ralli et al. 29 found that, despite having normal hearing (thresholds ≤ 25 dB HL), the Old patients had significantly worse tone in-noise thresholds than the Young patients thus concluding the significance of tone in-noise detection as a effective way for diagnosis of hidden hearing loss. 28 We observed TEOAE and DPOAE result as REFER in 37.5% and 43.8% of patients of tinnitus with normal hearing respectively. Abnormal OAE results may be the indicator of subtle cochlear damage before the abnormality affects hearing sensitivity and appears on the audiogram. Higher prevalence of abnormal outcomes was seen in a study by Granjeiro involving normal hearing patients with abnormal outcomes of TEOAE and DPOAE in 70.2% and 68.4% of patients among the tinnitus group.13 Other studies by Ami, Wan, the authors also had abnormal outcomes of OAE testing in patients complaining of tinnitus (13) (14) (15) (16) (17) (18) .
In our study it was observed that in the subjects of tinnitus with normal hearing, 62.5% and 56.3% had normal TEOAE and DPOAE results respectively. These findings suggest that the OHC dysfunction is not necessary for tinnitus development. On the other hand, the OHC dysfunction is not sufficient in itself to cause the symptom, because 10-12% of individuals with OHC dysfunction (abnormal OAE results) did not complain about tinnitus. Serra et al. concluded in a review on tinnitus patients that, it is important to consider the hypothesis of the involvement of the efferent system in the generation of tinnitus as outer hair cell dysfunction is not necessary for tinnitus development 19 . BERA was done to evaluate the integrity of the auditory pathway from cochlear nerve to the brainstem. We evaluated absolute latencies of wave I, III & V along with their inter-peak latencies. In our study all absolute latencies were prolonged with a significant difference in absolute latency in wave I between the study and control group. In study by Maurizi et al. and Lemaire only wave I and V were significantly prolonged whereas three waves (I, III and V) were significantly prolonged in works by Beutter, Kehrle and Kumar (20) (21) (22) (23) . Takwa and Shadman found marginal abnormalities in absolute latencies of all 3 waves, but the results were statistically insignificant (3) (4) (5) . In contrast to our work, Barnea et al. found normal ABR results in all 17 patients with tinnitus enrolled in their study compared with 19 patients without tinnitus 24 .
McKee and Stephens reported normal ABR latencies in all 18 normal hearing patients with tinnitus in their study 25 . The method used in our study to evaluate cochlear status (conventional audiogram) might not have been sufficiently sensitive for assessing all aspects of cochlear functioning. This lies in the fact that many commonly encountered hearing losses initially affect the extended high frequencies (above 8 kHz) that were not evaluated in this study (25) (26) (27) . OAE and BERA results in normal hearing tinnitus patients are different from one subject to another. Some cases have normal response while others have prolonged absolute latencies or reduced IPLs. This suggests impaired neural firing synchronization and transmission in the auditory pathways in tinnitus patients. These findings also suggested that the pathology underlying tinnitus is not the same in every case with possible brainstem involvement in some cases 28 . This is very important for designing the proper management program and selecting the appropriate medication and instrumentation to relief tinnitus. It also will help to decide the aim of rehabilitation program whether it should be designed to restore the homeostasis of brain activity or to act at more peripheral level. Thus, OAE and BERA might contribute to the work up of these patients and should be performed routinely in tinnitus sufferers. Further evaluation of tinnitus patients based on tinnitus severity, duration and character are recommended to provide more understanding of tinnitus problems and tailoring appropriate rehabilitation programs 29 
LIMITS OF THE STUDY
The present study has a limitation of small number of patients. The detailed history about noise exposure and ruling out of possibility of undiagnosed hidden hearing loss may have provided better understanding about the electrophysiology of tinnitus
CONCLUSION
On evaluation of Otoacoustic emissions and Brainstem evoked response audiometry in tinnitus patients with normal hearing, the following conclusions were drawn:
• Otoacoustic emissions (TEOAE and DPOAE) are abnormal ('REFER') in significant number of patients of tinnitus with normal hearing.
• Absolute latency of wave I is significantly prolonged in patients of tinnitus with normal hearing.
• Absolute latencies of Wave III and V are also prolonged, though not significantly.
• Oto Acoustic Emissions (OAE) and Brainstem Evoked Response Audiometry (BERA) should be included in the test battery for the screening of patients complaining of tinnitus even with normal hearing.
• Continued studies with large sample size may lead to development of new treatment and rehabilitation protocols in future.
